Interconversion pharmacokinetics of simvastatin and its hydroxy acid in dogs: effects of gemfibrozil.
To characterize the pharmacokinetics of simvastatin (SV) and simvastatin acid (SVA), a lactone-acid pair known to undergo reversible metabolism, and to better understand mechanisms underlying pharmacokinetic interactions observed between SV and gemfibrozil. Pharmacokinetic studies were conducted after intravenous administration of SV and SVA to dogs pretreated with a vehicle or gemfibrozil. In vitro metabolism of SVA in dog hepatocytes as well as in vitro hepatic and plasma conversion of SV/SVA were investigated in the absence and presence of gemfibrozil. In control animals, the irreversible elimination clearances of SV (CL10) and SVA (CL20) were 10.5 and 18.6 ml min(-1) kg(-1), respectively. The formation clearance of SVA from SV (CL12 = 4.8 ml min(-1) kg(-1)) was 8-fold greater than that of SV from SVA (CL21 = 0.6 ml min(-1) kg(-1)), and the recycled fraction was relatively minor (0.009). In gemfibrozil-treated animals, CL10 was essentially unchanged, whereas CL12, CL20, CL21, and recycled fraction were significantly decreased to 2.9, 9, 0.14 ml min(-1) kg(-1), and 0.003, respectively. In control dogs, values for real volume of distribution at steady state (Vss,real) of SV (2.3 L kg(-1)) were much larger than the corresponding values of SVA (0.3 L kg(-1)). Gemfibrozil treatment did not affect Vss,real of either SV or SVA. In dog hepatocytes, gemfibrozil modestly affected the formation of CYP3A-mediated oxidative metabolites (IC50 > 200 microM) and beta-oxidative products (IC5) approximately 100 microM), but markedly inhibited the glucuronidation-mediated lactonization of SVA and the glucuronidation of an SVA beta-oxidation product (IC50 = 18 microM). In in vitro dog and human liver S9 and plasma, hydrolysis of SV to SVA was much faster than that of SVA to SV. Gemfibrozil (250 microM) had a minimal inhibitory effect on the hydrolysis of either SV to SVA or SVA to SV in dog and human liver S9, but had a significant ( approximately 60%) inhibitory effect on the SV to SVA hydrolysis in both dog and human plasma. In dogs, the interconversion process favored the formation of SVA and was less efficient than the irreversible elimination processes of SV and SVA. Treatment with gemfibrozil did not affect the distribution of SV/SVA, but rather affected the elimination of SVA and the SV/SVA interconversion processes. Gemfibrozil decreased CL20 and CL21 likely via its inhibitory effect on the glucuronidation of SVA, and not on the CYP3A-mediated oxidative metabolism of SV or SVA, the beta-oxidation of SVA, nor the SVA to SV hydrolysis. The decrease in CL12 might be due in part to the inhibitory effect of gemfibrozil on SV to SVA hydrolysis in plasma. Similar rationales may also be applicable to studies in humans and/or other statin lactone-acid pairs.